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INTRODUCTION
The maximal inclusion rate for distillers dried grains with solubles (DDGS) in sow diets as recommended in the Feed Co-Products Handbook (Weigel et al., 1997) was 50% in gestation diets and 20% in lactation diets. The Pork Industry Handbook (1998) recommended slightly smaller concentrations, up to 40% in gestation diets and up to 10% in lactation diets. However, these recommendations were based on a limited number of studies, and the DDGS used in the studies was produced by older ethanol plants. Changes have occurred within both the swine and ethanol industries that have resulted in increased nutrient requirements for sows and production of a better quality DDGS (Shurson et al., 2003) . The DDGS produced in modern ethanol plants has more DE and ME, digestible AA, and available P than DDGS produced in older or more traditional ethanol plants (Shurson et al., 2003) . Wilson (2003) suggested that 50% DDGS in gestation diets supported satisfactory reproductive performance, but 20% DDGS in lactation diets was not recommended unless sows had previously been offered DDGS during gestation. Hill et al. (2008) evaluated the use of 5% beet pulp and 15% DDGS for lactating sows and concluded that 15% DDGS in lactation diets reduced fecal P concentration during lactation and maintained sow performance. Most of the studies evaluating DDGS for lactating sows have been inconclusive in determining the optimal dietary inclusion rate for lactating sows (Stein, 2007) . Therefore, the objectives of this study were to evaluate the influences of increasing concentration of DDGS in lactation diets on sow and litter performance, energy and N digestibility, plasma urea N (PUN) concentration, and fat and N concentrations in milk.
MATERIALS AND METHODS
The experimental protocols used in this study were approved by the University of Minnesota Institutional Animal Care and Use Committee.
Animal Management
The experiment was conducted at the University of Minnesota Southern Research and Outreach Center in Waseca. Multiparity lactating sows (n = 307; English Belle, GAP Genetics, Winnipeg, Manitoba, Canada) were used. Sows were housed in 2 housing systems during gestation. A total of 147 sows were housed in large group pens equipped with electronic sow feeders, and 160 sows were housed in individual stalls. Sows were fed a common corn-soybean meal diet during gestation. Sows were moved to farrowing rooms on d 109 of gestation and were assigned randomly to lactation dietary treatments. In the lactation room, sows were housed individually in fully slatted farrowing crates after the sows were washed and weighed and their backfat measurements were recorded. Each crate had a single feeder, and water was always available through a nipple drinker. The farrowing room temperature was maintained at approximately 18 to 20°C. Rooms were mechanically ventilated. A heat lamp and mat (Osborne Industries Inc., Osborne, KS) were provided for newborn piglets in each crate.
Dietary Treatments
Dietary treatments consisted of a typical corn-soybean meal control (CON; typical corn-soybean meal diet), 10, 20, and 30% DDGS, and 30% DDGS highprotein (HP) diets. The ingredients and analyzed nutrient composition of experimental diets are presented in Table 1 . All the dietary treatments except the 30% DDGS HP diet were formulated based on the same standardized ileal digestibility (SID) of Lys, ME, and CP and were formulated to meet or exceed NRC (1998) nutrient requirement recommendations for lactating sows with an average prefarrowing BW of 200 kg, an expected average BW loss of 10 kg, and an expected piglet ADG of 200 g. The 30% DDGS HP diet was also formulated based on the same SID Lys and ME as those of other diets, but CP was adjusted to allow increased CP in the diet using more soybean meal and less synthetic Lys compared with 30% DDGS. This was done to verify the effect of HP, such as on excess dietary N.
Sow and Litter Performance
Sows were introduced to their lactation diets beginning on d 109 of gestation and they were provided 2.5 kg of their respective dietary treatments from d 109 of gestation until parturition. After farrowing, feed was gradually increased through d 5, and then sows were allowed ad libitum intake until weaning on d 19. Sows were fed twice daily at 0700 and 1430 h such that they were allowed ad libitum access to feed and water. The quantity of feed provided per sow was recorded daily. Feed refusals were weighed and recorded at weaning. Sow BW and ultrasonic backfat depth at the P2 position were measured (Lean-Meater, Renco Corp., Minneapolis, MN) and recorded within 24 h after farrowing (d 0) and at weaning (d 19). Cross-fostering was performed within dietary treatment group within 24 h after farrowing to adjust litter size to approximately 10 piglets per sow. Litters were weighed on d 0 and 19. Other sow and litter information was collected, such as parity of the sow and litter size (total number born alive, mummies, stillborn, dead, and weaned piglets, and litter size after cross-fostering). Piglets were weaned at 19 ± 3 d of age.
Energy and N Digestibility, Milk Fat and Protein Concentrations, and PUN Determination
Within each treatment group, feces, urine, blood, and milk were collected from 6 randomly chosen parity 3 to 5 sows (6 sows per dietary treatment). Sows had an initial BW of 215 ± 15 kg, which was measured within 24 h after parturition. These 30 sows included 15 sows from group housing and 15 sows from individual housing during the gestation period.
Blood Collection and PUN Analysis. Blood samples (5 mL) were collected via venipuncture of a jugular vein (in Vacutainer tubes containing 15% EDTA; Tyco Healthcare Group, Mansfield, MD) at 0900 h, 2 h after the morning feeding on d 0 and 19. Plasma was harvested from blood by centrifugation (1,400 × g for 10 min at 23.8°C) and frozen at −20°C until analyzed for PUN concentration. The PUN was determined using a urea N kit (Stanbio Laboratory, Boeme, TX), which allowed for direct measurement of urea with a color endpoint, using the method of Sampson et al. (1980) . Milk Collection and Analysis. Milk samples were collected on d 0 and 19. Sows were given an intramuscular injection of 20 USP oxytocin (Bimeda-MTCAnimal Health Inc., Cambridge, Ontario, Canada) to stimulate milk release before collection. Milk samples were collected manually from all teats and frozen at −20°C for fat and N analysis. The N in milk was ana- Song et al. lyzed by the Kjeldahl method (method 976.05; AOAC, 2000; Kjeltec 2300 Analyzer, Foss, Höganäs, Sweden). Milk fat analysis (Mojonnier method, method 989.05; AOAC, 2000) was based on physical extraction of fat from samples, followed by gravimetric measurement of fat.
Feed, Feces, and Urine Collection and Analyses. Feed samples were collected from each batch of manufactured feed and stored at −20°C until analyzed. Sows were fed their respective dietary treatments containing 0.3% chromic oxide as an indigestible marker beginning 3 d after farrowing for a total of 10 d. Fecal samples were collected twice daily (at 0800 and 1500 h) for 3 d by rectal palpation after a 7-d adjustment period. Grab samples were pooled and placed in labeled plastic bags and frozen at −20°C. At the end of the collection period, fecal samples were dried in a forced-air oven (60°C) for 48 h. Feed and dried fecal samples were ground and frozen at −20°C until subsequent analysis for GE, N, and CrO 2 concentrations. Urine samples were collected on the same days as fecal samples. Urine samples were collected using catheters (Foley catheters, Allegiance Healthcare Co., McGaw Park, IL), which were placed into the urethra of sows for 72 h. Hydrochloric acid (4 N, 25 mL) was added to each collection bucket to prevent microbial growth and ammonia volatilization. At 0800 and 1500 h of each day of the collection period, urine volume was measured and a subsample was collected, mixed, pooled per sow, and frozen at −20°C until analyzed for energy and N. For energy determination, each subsample was freezedried (Labconco Stopper Tray Dryer, Labconco Co., Kansas City, MO) for 10 d. The GE in ground feed and feces and in freeze-dried urine samples was analyzed by bomb calorimetry (Parr 1281 bomb calorimeter, Parr Instrument Co., Moline, IL). The N in ground feed and feces and urine was analyzed by the Kjeldahl method. Using CrO 2 as an indigestible marker, we calculated total tract DM digestibility using the procedure of Fenton and Fenton (1979) .
Statistical Analysis
Data were analyzed as a completely randomized design by using the GLM procedures (SAS Inst. Inc., Cary, NC). The experimental unit was the sow and litter. The statistical model for sow and litter performance, energy and N digestibility, PUN, and concentrations of fat and N in the milk of the sows included the effects of dietary treatments and both housing type during gestation and parity as covariates. Multiple comparisons were used for the effects of dietary lactation treatments by the Tukey-Kramer adjustment (Hayter, 1984) when there was a significant difference in the model. Statistically significant differences were assumed using P ≤ 0.05, whereas P ≤ 0.10 were considered a trend. There were no statistically significant effects (P > 0.05) of housing type during gestation and parity for any of the response variables; thus, only the effects of dietary treatments are presented as main effects.
RESULTS AND DISCUSSION

Sow and Litter Performance
Dietary treatments had no effect on sow backfat changes during lactation (Table 2) . However, sows fed the 10, 20, and 30% DDGS diets tended to have greater ADFI compared with sows fed the CON and 30% DDGS HP diets. In addition, sows fed the 30% DDGS HP diet lost more (P < 0.05) BW during lactation than sows fed the CON diet. Sows fed the diets containing 10, 20, and 30% DDGS had similar BW during lactation compared with sows fed the CON and 30% DDGS HP diets. There were no differences in litter size at weaning, preweaning mortality of piglets, and litter BW at birth and weaning. However, sows fed the 10, 20, and 30% DDGS diets seemed to support greater piglet ADG compared with sows fed the CON and 30% DDGS HP diets.
Previous studies reported that sows fed 17.7 and 44.2% DDGS (old product) diets during gestation and a cornsoybean meal diet during lactation (Thong et al., 1978) or a 15% DDGS diet during lactation (Hill et al., 2008) had performance similar to sows fed a corn-soybean meal control diet. However, all sows in both the control and DDGS treatment groups lost BW during lactation. Wilson (2003) reported that sows fed a 20% DDGS diet during lactation in the first and second reproductive cycles did not differ in sow and litter performance compared with sows fed a corn-soybean meal control diet. However, sows fed a 20% DDGS diet during lactation with no previous exposure to dietary DDGS tended to have decreased ADFI compared with sows fed a cornsoybean meal control diet. In addition, all sows in both the control and DDGS treatment groups lost BW during lactation. Greiner et al. (2008) reported that sows fed increasing concentrations of DDGS (10, 20, and 30%) during lactation had no change in ADFI compared with sows fed a corn-soybean meal control diet. However, all sows in both the CON and DDGS treatment groups gained BW during lactation. In addition, sows fed increasing concentrations of DDGS during lactation had increased sow BW gain and decreased weaning-to-first service interval linearly. Results from the present study show that sows fed 10, 20, or 30% DDGS tended to increase ADFI. This result is different from the results reported by Thong et al. (1978) , Wilson (2003) , Greiner et al. (2008) , and Hill et al. (2008) . In addition, results from the present study show that all sows gained BW except sows in the 30% DDGS HP group. This is the same response as the result reported by Greiner et al. (2008) , but without the linearly increased sow BW with increasing concentration of DDGS. The reason for BW loss of sows fed 30% DDGS HP may be excess dietary N (Wilson, 2003) , which caused decreased feed intake. The decreased feed intake may have caused BW loss because lactating sows generally use most energy for milk production and maintenance rather than growth. Previous studies (Thong et al., 1978; Wilson 2003; Greiner et al., 2008; Hill et al., 2008) showed no effect of dietary DDGS on litter performance, such as piglet BW gain or preweaning mortality. However, in the present study, piglets from sows fed the 10, 20, or 30% DDGS diets tended to grow faster than piglets suckling sows fed the CON or 30% DDGS HP diet. The reasons for BW gain of sows and their piglets in the 10, 20, or 30% DDGS group may be the greater fat and fiber concentrations in DDGS (Shurson et al., 2005; Stein and Shurson, 2009 ), which caused greater intake of feed, Means within rows with different superscripts differ (P < 0.05).
1 Control = corn-and soybean meal-based diet; HP = high protein.
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energy, or both. The greater feed intake may cause BW gain of sows or may make sows produce more milk for the growth of their piglets. In addition, energy from greater feed intake and potential energy from fat and fiber by microbial fermentation may also have caused greater milk production, which resulted in increased growth of the piglets.
Energy and N Digestibility
The ADFI was not different among sows for the nutrient balance study. There were no differences in GE intake and DE and ME contents among dietary treatments (Table 3) . However, sows fed the 30% DDGS diet had greater (P < 0.05) GE in feces than sows fed the CON diet. Dietary treatments had no effect on any measures of N digestibility and retention (Table 4) .
Several previous studies reported that sows fed a 50% DDGS, 40% soybean hull, or 12% wheat straw diet (Wilson, 2003; Holt et al., 2006; Renteria-Flores et al., 2008) during gestation had reduced energy digestibility compared with sows fed a corn-soybean meal control diet. Similarly, Thong et al. (1978) reported that sows fed increasing concentration of DDGS (17.7 to 44.2%; old product) during gestation had less N retention than sows fed a corn-soybean meal control diet. However, Wilson (2003) and Renteria-Flores et al. (2008) reported that sows fed a 50% DDGS or 12% wheat straw diet during gestation had no difference in N retention, and sows fed a 40% soybean hull or 12% wheat straw diet (Holt et al., 2006; Renteria-Flores et al., 2008 ) during gestation had decreased N digestibility compared with sows fed a corn-soybean meal control diet.
Results of the present study showed that there was no effect of DDGS on energy digestibility, in contrast to the results reported by Wilson (2003) , Holt et al. (2006) , and Renteria-Flores et al. (2008) . In addition, N digestibility in the present study was not influenced by inclusion of DDGS in the sow lactation diets, which is different from the results reported by Holt et al. (2006) and Renteria-Flores et al. (2008) . On the other hand, the lack of effect of DDGS on the N retention observed in the present study is in agreement with the results reported by Holt et al. (2006) and Renteria-Flores et Means within rows with different superscripts differ (P < 0.05).
1 Control = corn-and soybean meal-based diet; HP = high protein. al. (2008), but is different from the results reported by Thong et al. (1978) . Generally, DDGS contains greater crude fiber (more than 7% on average; Shurson et al., 2005) , which is mostly insoluble fiber (Stein and Shurson, 2009) , and also has a greater fat content (more than 10% on average; Shurson et al., 2005) than corn or soybean meal. Therefore, energy digestibility may be reduced as sows are fed increasing concentrations (10 to 30%) of DDGS in the diets because of the greater fiber content in DDGS, especially insoluble fiber. On the other hand, energy digestibility may be increased because of the greater fat content in DDGS. This interaction between greater fiber and fat content in DDGS may have resulted in no differences in energy digestibility in the present study. In addition, VFA production by microbial fermentation in the large intestine may have influenced the energy utilization in the present study, although insoluble fiber may not be fermented as extensively as soluble fiber (Renteria-Flores et al., 2008) . The N digestibility may decrease with increasing concentration (10 to 30%) of DDGS because of the HP content relative to Lys content in DDGS. However, Cervantes-Pahm and Stein (2008) reported that the addition of soybean oil improved the SID of most AA. Consequently, the greater fat content of the DDGS may compensate for the partially negative fiber effect on N digestibility, resulting in no overall differences in N digestibility observed in the present study.
Milk Composition and PUN
Dietary treatments had no influence on milk composition on d 0 or 19 (Table 5) . Darragh and Moughan (1998) indicated that the N content in the colostrum and milk of the sows was 2.5 and 0.88%, respectively, and the fat content in colostrum and milk of the cows was reported to be 5.9 and 7.6%, respectively. Similar values in milk composition were obtained in the present study.
Dietary treatments had no effect on PUN on d 0 (Table 5) . However, sows fed the 20 or 30% DDGS diets had decreased (P < 0.05) PUN on d 19 compared with sows fed the CON and 30% DDGS HP diets. Because urea is the end product of protein catabolism, PUN can be used to indicate protein utilization for energy within the sow; thus, greater PUN may indicate less protein utilization, excess N, or more transamination or deamination. Excess AA not used for protein synthesis is transaminated or deaminated and converted to ammonia, which is toxic, and the carbon skeleton can be used for energy, the ammonia can be converted to urea in the liver, and circulating urea is excreted via the kidneys (Stipanuk and Watford, 2000) . Thus, N excretion and PUN may be increased if sows consume HP diets, or more protein than the requirement. Several studies that evaluated the AA requirements of swine under different physiological conditions (Coma et al., 1995; Chen et al., 1999; Klindt et al., 2006) reported that the efficiency of dietary protein (AA) utilization was decreased, with a resulting excretion of large quantities of N as PUN. Wilson (2003) reported that the HP content in the 50% DDGS diet caused an increase in blood urea N concentration in gestating sows because of the excess protein in the DDGS diet. Frank et al. (1983) reported that blood urea N increased as the concentration of fiber (corncobs) in the diet increased because of increased ammonia production in the gastrointestinal tract, but Holt et al. (2006) reported no difference in serum urea N between sows fed a corn-soybean meal control diet and a high-fiber diet containing 40% soybean hulls. In the present study, excess N provided by the greater protein content of DDGS and potentially increased ammonia production by the greater fiber content may have caused greater PUN in the 30% DDGS HP diet than in the other DDGS diets.
In conclusion, inclusion of up to 30% DDGS in lactating sow diets had no negative effect on sow and litter performance, energy and N digestibility, milk composi- Means within rows with different superscripts differ (P < 0.05). 1 Control = corn-and soybean meal-based diet; HP = high protein.
tion, and PUN. More research is needed to determine if a greater inclusion rate of DDGS (40 to 50%) will also have no negative effects on sow and litter performance. Our results indicate that inclusion of up to 30% highquality DDGS in lactating sow diets will support satisfactory sow and litter performance.
